Objective: To study the relationships between the Eating Inventory (EI) factors (restraint, disinhibition and hunger), body adiposity and prevalence of selected diseases in a quota sample of Czech adults. Subjects and methods: The sample included 1429 men and 1624 women who were interviewed individually by trained investigators. The sample was quota representative -for gender, age, size of residential location, region and socioeconomic status in Czech adults. Anthropometric data, socioeconomic and lifestyle information were obtained. Subjects filled out the EI questionnaire. Physicians reported about subjects' morbidity. Results: Backward stepwise regression analysis revealed that restraint and disinhibition were significant predictors of body mass index (BMI) along with gender, age, parental obesity, weight loss attempts, present dieting and educational level. The same factors plus income predicted the waist circumference. BMI and waist circumference were negatively related to restraint but positively to disinhibition. According to logistic regression analysis restraint and disinhibition were significantly associated with hypertension, cardiovascular diseases and hyperlipidaemia. Diabetes was significantly related to restraint and hunger scores. The observed association between EI factors and diseases remained significant even when BMI and age were taken into account. Conclusion: As shown in earlier studies, disinhibition was positively and restraint negatively associated with BMI and waist circumference. For the first time, factors of the EI were also identified as significant predictors of diseases characterizing the metabolic syndrome.
Introduction
The Eating Inventory (EI) -also called Three Factor Eating Questionnaire, developed by Stunkard and Messick 1 assesses three behavioral traits (1. Cognitive dietary restraintdeliberate control of intake. 2. Disinhibition -measure of loss of control over food intake, for example in response to stress, depression, 2 anxiety 3 and alcohol intake. 4 3. Perceived hunger -awareness of and susceptibility to hunger) that can possibly affect body weight control and associated health risks. 5, 6 Numerous earlier studies conducted in healthy or diseased individuals of all ages in several countries revealed interesting associations between EI scores and various beneficial or detrimental behaviors. [7] [8] [9] [10] [11] [12] [13] [14] [15] Previous studies postulated that dietary restraint was associated with eating disorders 9, 10 and stress-induced eating, 11 but also with lower body weight [16] [17] [18] and success in dieting and maintenance of weight loss. [12] [13] [14] [15] [19] [20] [21] According to Westenhoefer et al., 15 'flexible control' exerted in dietary restraint represents a predictor of good weight management. A drop in the disinhibition score appeared the only significant factor influencing the body mass index (BMI) decrease in response to 1-year treatment with sibutramine. 22 Other studies suggest that disinhibition is critically involved in poor body weight control and weight gain over time 12, 14 as well as with binge eating. 5, 23 Lower dietary restraint and higher disinhibition and hunger scores have been associated with a poor healthrelated quality of life, greater depression and psychosocial dysfunction in severely obese subjects assessed for bariatric surgery. 24 In nonobese postmenopausal women, dietary restraint was not associated with detrimental effects in a wide range of physiological, metabolic and health characteristics. 25 To our knowledge, as of now only one study by Hays et al. 26 has examined the association of the EI factors with morbidity. The study reported no associations of dietary restraint with morbidity and only moderately increased risk for hypercholesterolaemia with higher disinhibition scores. However, the study by Hays et al. 26 presents several limitations. The cohort included only female subjects aged 55-65 years and fewer than half of the 1252 examined subjects reported blood pressure and total cholesterol values. The three EI factors likely reflect interactions of both genetic and environmental influences affecting eating behaviors. 27 The potential contribution of those behavioral traits to the prevalence of BMI-related and lifestyle-related pathologies such as hypertension, ischaemic heart disease, hyperlipidaemia and diabetes has not been studied in a quota population sample. In the Czech Republic, we took advantage of the existence of a quota sample of the general population to test hypotheses about the impact of each of the three EI factors on body adiposity and health status. The present report provides data showing that restraint, disinhibition and hunger are indeed associated not only with body adiposity but also with the prevalence of diseases.
Subjects and methods

Subjects
The present study was carried out in an existing cohort of adult Czech men and women (18 years and older). This cohort took part in earlier investigations of health parameters in the Czech population. The quota sample of the Czech adult population was selected from across the entire country and included 1429 men and 1624 women. The following quotas were used to select the representative proportions of participants: gender, age, size of residential location, region, education, socioeconomic level and marital status. No weighing was used as the sample structure corresponded to the desired sample design. The subjects signed an informed consent form for their participation to the present study. This protocol was reviewed and accepted by the Ethics Committee of the Centre for Sociological and Empiric Studies.
Data collection
Assessment of Personal Characteristics. Investigators were trained to obtain personal data from each subject in faceto-face interview. Each subject was interviewed individually. The data collected by the investigators included age, weight and height (as measured in the GP's office and reported by the subjects) and waist circumference (as measured by the investigators). BMI was calculated from weight and height. The waist circumference was measured midway between the upper iliac crest and the lower rib.
During the interviews, questionnaires were filled out by the interviewers. One questionnaire dealt with personal characteristics. Each subject reported about personal body weight history, number of previous attempts to lose weight, present dieting and family history of obesity. A weight loss attempt was defined either as (a) low energy -low fat diet kept for X1 month or (b) intentional weight loss X5 kg. Current maintenance of 'healthy low-fat diet' was recorded as present dieting. Subjects reported about presence of obesity in parents, siblings and children. However, only the presence of obesity reported in one or both parents (YES or NO) was considered in the study. Subjects evaluated parental obesity either (a) by calculating their parents' BMI from weight and height data or (b) by comparing their parents' body size with silhouette drawings. Socioeconomic status was established according to income (five categories were defined by the mean monthly per capita income in the family expressed in Czech crowns) and education (five levels).
Assessment of EI factors.
A validated Czech version of the EI was administered, and restraint, disinhibition and hunger scores were computed. This questionnaire was used in our previous studies in obese populations. 22, 28 Health assessment. Each subject asked his/her general practitioner to provide a written assessment of the presence or absence of the following diseases: hypertension, cardiovascular diseases (CVD) including ischaemic heart disease as well as cerebrovascular disease, diabetes, hyper-or dyslipidaemia, gout and arthritis and spondylitis. Arthritis and spondylitis were included as controls for other nutritionrelated diseases. The physician's written report was communicated to the investigators. Diagnostic criteria for hypertension, CVD, hyper-and dyslipidaemia and diabetes were used in agreement with the recommendations of international task forces for the diagnosis, prevention and treatment of these pathologies, which were summarized in joint guidelines of the Czech medical societies. 29 
Statistics
Statistical analyses were performed using the statistical software Statgraphics Plus v. 5.1 from Manugistic (Rockville, MA, USA) and NCSS 2002 from NCSS and PASS Number Cruncher Statistical systems (Kaysville, UT, USA). The essential data characterizing the cohort were expressed as means7s.d. Gender differences in anthropometric characteristics and items of the EI were evaluated by MannWhitney test. Spearman's correlations were calculated in order to assess associations between anthropometric and socio-economic measures and scores of the EI. Stepwise backward multiple regression was performed to reveal the best set of predictors of BMI and waist circumference (as dependent variables). The preliminary set of potential predictors (independent variables) of BMI and waist Eating Inventory and diseases in Czech adults V Hainer et al circumference included gender, age, parental obesity, factors of the EI, number of weight loss attempts, present dieting, educational level and income. Transformations of the data were used to attain Gaussian data distribution and constant variance. In the backward stepwise regression, Fisher's statistics 43 was chosen as a selection criterion.
Disease prevalence was compared in subjects with high and low scores for the three factors of the EI (upper vs lower quartiles of each item). w 2 was used to compare the disease prevalence in high and low scoring individuals. Data on the prevalence of diseases were adjusted for age and BMI using log-linear models (frequency analysis).
Logistic regression was applied to evaluate relationships between particular lifestyle-related diseases and the EI factors, as well as specific covariates associated with both EI factors and morbidity. Lifestyle-related diseases were the dependent variables whereas BMI, age, gender, education level, number of weight loss attempts, parental obesity and the three EI factors were included as independent variables. Statistical significance level was set at Po0.05.
Results
Characteristics of the population are presented in Table 1 . Significant gender differences appeared for all parameters; in particular the three EI factors were different, with higher restraint in women, and higher disinhibition and hunger in men.
Spearman's correlations revealed that the BMI was positively correlated with all three EI factors in men (r ¼ 0.101, P ¼ 0.000 for restraint; r ¼ 0.207, P ¼ 0.000 for disinhibition; r ¼ 0.076; P ¼ 0.004 for hunger) and only with disinhibition (r ¼ 0.282, P ¼ 0.000) and hunger (r ¼ 0.137, P ¼ 0.000) in women. Waist circumference was positively related to disinhibition in both men (r ¼ 0.147, P ¼ 0.000) and women (r ¼ 0.226, P ¼ 0.001), whereas no significant association of waist circumference with restraint was shown in both genders. Disinhibition was strongly related to hunger in men (r ¼ 0.664, P ¼ 0.000) as well as in women (r ¼ 0.625, P ¼ 0.000). Education level positively correlated with restraint in both men (r ¼ 0.085, P ¼ 0.001) and women (r ¼ 0.085, P ¼ 0.000).
Backward stepwise regression analysis revealed that restraint and disinhibition were significant predictors of BMI along with gender, age, parental obesity, number of weight loss attempts, present dieting and educational level ( Table 2) . The same factors together with income predicted the waist circumference (Table 3) . Hunger was removed from the regressions as this factor was closely related to disinhibition. Restraint scores were negatively and disinhibition scores were positively associated with body adiposity parameters (Tables 2 and 3) .
The study confirmed an increased disease risk for persons with BMIX25 kg/m 2 vs those with BMIo25 kg/m 2 . The risk ratio (RR) was calculated as ratio between the disease prevalence in subjects with BMIX25 kg/m 2 and subjects with BMIo25 kg/m 2 . The RR values were: for hypertension 3.1, CVD 2.6, diabetes 3.8, hyperlipidaemia 2.8, gout 3.4 and arthritis and spondylitis 1.7. Significant gender differences in disease prevalence in the studied cohort were revealed only for arthritis and spondylitis and for gall bladder disease. 
Prevalence of these diseases being significantly higher (Po0.0001) in women.
The association between EI scores and the prevalence of diseases was investigated separately in men and women. In order to do this the highest quartile of each score was compared to the lowest quartile. A high restraint score was associated (Po0.001) with a higher prevalence of hypertension (37.1 vs 19.1%), diabetes (12.9 vs 3.1%), CVD (20.8 vs 8.6%) and hyperlipidaemia (26.8 vs 16.3%) in men but not in women. In both genders, a significantly higher prevalence (Po0.001) of hypertension (26.8 vs 19.5% in men, 32.9 vs 18.0% in women) and hyperlipidaemia (26.8 vs 14.0% in men, 26.8 vs 14.7% in women) was associated with high disinhibition scores. Higher prevalence of hypertension (32.3 vs 20.3%) and hyperlipidaemia (25.3 vs 16.8%) was associated with high scoring for hunger in female subjects (Po0.001). In both genders, disinhibition and hunger scores were unrelated to the prevalence of diabetes. None of the EI scores was significantly related to the prevalence of gall bladder disease and gout in both genders. Prevalence of arthritis and spondylitis did not differ according to the EI scores except for disinhibition scores in women, in whom a higher score was associated with a higher prevalence (44.7 vs 33.9%, Po0.001). All described differences remained significant after adjustment of the data for age and BMI.
Logistic regression analysis was performed for diseases with significant associations with the EI factors, that is hypertension (Table 4) , CVD (Table 5) , diabetes (Table 6 ) and hyperlipidaemia (Table 7) . According to logistic regression analyses, restraint and disinhibition scores were significantly related to hypertension (Table 4) , CVD (Table 5) and hyperlipidaemia (Table 7) . Diabetes was significantly related to restraint and hunger scores ( Table 6 ). As expected, BMI and age were significant predictors for all diseases. Gender predicted hypertension, education level predicted hypertension and diabetes, whereas parental obesity predicted hypertension and hyperlipidaemia. 
Discussion
For the first time the EI was used in a large quota sample of the Czech adult men and women of all BMI levels representing a broad spectrum of life conditions for evaluation of the prevalence of several nutrition-associated diseases. The central aim of our study was to investigate whether eating motivation as assessed by the EI was related in any significant fashion to body adiposity and comorbidities.
Our study confirmed previously reported data showing a strong positive correlation between hunger and disinhibition 6, 30 as well as the relationship of disinhibition with both BMI and waist circumference. 6, [31] [32] [33] [34] Backward stepwise regression conducted in our cohort confirmed the important impact of age and parental obesity as major factors predicting the BMI and waist circumference. However, factors of the EI were also significantly associated with both adiposity measures. In agreement with the results of previous studies 21, 35 restraint exhibited a negative relation and disinhibition a positive relation to both adiposity measures.
Number of weight loss attempts characterized by low energy -low fat diet or modest weight losses exerted a beneficial effect on total body adiposity as well as on abdominal obesity. This finding is in agreement with several studies reviewed by Muls et al. 36 that do not confirm any deteriorating effect of repeated dieting on body composition or on health risks associated with obesity. Higher BMI in our cohort was significantly associated with increased morbidity as previously reported. 37 As mentioned above, associations between factors of the EI and measures of obesity and abdominal obesity were investigated in many studies. Only a very few studies focused on associations between factors of the EI and morbidity. According to Hays et al. 26 -higher disinhibition scores in older women were associated with small increased risks for hypercholesterolaemia whereas dietary restraint was not associated with morbidity. Our study revealed that the EI scores are associated with disease prevalence. Gender differences were revealed in the impact of individual factors: restraint and disinhibition were related to disease risks in men, whereas disinhibition and hunger were in women.
Logistic regression analyses were performed where the BMI, gender, age, parental obesity, factors of the EI and educational level were tested as predictors of diseases related to the metabolic syndrome (hypertension, CVD, diabetes and hyper/dyslipidaemia). BMI, age and dietary restraint were significantly related to all comorbidities studied, whereas disinhibition was associated with hypertension, CVD and hyperlipidaemia. Hunger was found significantly related to diabetes. In diabetics, hunger can potentially be induced by inappropriate drug treatment.
A major finding of our study is the demonstration that significant associations between the EI factors and morbidity remained even in the model where the BMI was included among the independent variables. In contrast, cross-sectional study previously conducted in older women 26 suggested that the influences of eating behavior on morbidity are primarily mediated by body weight as many associations with disease risks in that study disappeared after adjustment for the BMI. The discrepancy between these two studies might be related to the different age categories studied. Our cohort included a quota sample of both men and women aged 15-79 years whereas Hays et al. 26 studied a cohort of women aged 55-65 years. It could be suggested that in elderly women, eating behavior affects morbidity primarily via mechanisms mediated by body weight, while in our sample, which included all age categories, a direct association between factors of the EI and morbidity was demonstrated. Obesity, as a genetically determined disease, may play a major role in triggering the metabolic syndrome by interacting with genetic variants at candidate genes for dyslipidaemia, hypertension and diabetes. 38 Therefore, it is not surprising that parental obesity in our study remained a significant predictor for hypertension and hyperlipidaemia. However, parental obesity may have affected these diseases via behavioral or educational influences as well as genetic. Eating behavior is affected by both genetic and environmental influences. Disinhibition and hunger, which are strongly associated with one another, were shown to exhibit significant heritability, being perhaps influenced by the same set of genetic factors. 27, 39, 40 Increasing levels of parental disinhibition were previously shown to be associated with increased fat accumulation in children followed over 6-year period. 41 This association may be mediated either by parental role in modeling unhealthy eating behaviors or by sharing hereditary factors that trigger similar eating behavior in children. In contrast, restraint is most strongly influenced by shared events in the environment. 27, 40 The absence of correlation between restraint and the BMI in women suggests that women exhibit restraint regardless of their body adiposity level. Women, whether or not they are overweight, diet in response to social pressure for slimness. 42 This is in agreement with the findings of Hays et al. 31 who reported that the dietary restraint score in adult women did not predict current weight. In men, the association of restraint with the BMI might be a secondary response to overweight. It is common clinical experience that men are not motivated to accept a dietary advice and start dieting until the development of obesity-related diseases such as diabetes or hypertension. Educational level was associated with dietary restraint, as well as with diabetes and hypertension. We have not studied whether the educational level was specifically related to flexible restraint. Disinhibition was critically associated with overweight, abdominal obesity and various pathologies. This could be partly explained by the dietary patterns associated with high Eating Inventory and diseases in Czech adults V Hainer et al disinhibition scores, which are characterized by increased consumption of dietary fat 5, 34, 43 and sweets. 43 Disinhibition is also partly responsible for abnormal brain response to the sensory aspects of a liquid meal after a prolonged fast. 44 Thus, both characteristic food preferences and abnormal sensory brain responses might represent a link between disinhibited eating and subsequent morbidity. In contrast, subjects with high cognitive restraint reported consumption of fewer energy-dense foods or more 'healthy foods' in a population study conducted in the French cities of Fleurbaix and Laventie. 45 In conclusion, the present study carried out in a large sample representing all strata of the Czech population confirmed the value of the factors assessed by the EI as correlates of both body adiposity and diseases characterizing the metabolic syndrome. Factors of the EI remained significantly associated with lifestyle-related diseases even when the BMI, as an important determinant of the metabolic syndrome, was taken into account. However, the question remains open of the primary causal factor in the observed associations between food intake motivational factors and body adiposity and prevalence of comorbidities.
Dietary restraint was not associated with disinhibition. Disinhibition cannot therefore be considered a secondary response to earlier inhibition or restraint. While correlates of disinhibition were mainly deleterious, several beneficial correlates of high restraint appeared, especially in women. As a result of its numerous adverse correlates, disinhibition appears the crucial dimension that should be addressed in body weight control and prevention of lifestyle-associated pathologies. More research should be devoted to its causes, including genetic, 27, 39, 40, 46 and to its consequences even in people with normal BMI.
